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Abstract 
 
The paper examines dependability and connectedness of US ETFs market. The ETFs market represents one of the most dynamic 
developing markets with new financial instruments. Since 1993, when the first ETF called Spider was introduced in dual listing 
in US and Canada, this market has grown to more than 3.200 ETF products at the end of 2013. About one third of these ETFs are 
traded in the United States in markets of NYSE that is dominating, Nasdaq or BATS. In the US market there are traded ETFs in 
the asset value more than 1.150 billion. Despite its fast growth and significant size, there is very little research on the structure of 
the ETFs market. The usage of network structure helps to fully identify relation between particular ETFs. In the analysis the most 
important ETFs (measured with their asset value) will be analysed on the individual and the provider basis. The provider basis is 
chosen because the US ETFs market is concentrated and three main providers (iShares,  State Street Global Advisory and 
Vanguard) represent more than 80 percentage of the ETFs market. The application of the graph theory contributes to 
particularized understanding relations between these ETFs. Network modelling of ETFs market offers a powerful tool, because it 
provides much view on dependences of ETFs’s behaviour. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and/ peer-review under responsibility of Academic World Research and Education Center. 
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1. Introduction 
 
The aim of this paper is to analyse U.S. ETFs market with graph theory and offer a view on the structure of this 
market. The ETFs represent open-end mutual funds that are traded in a particular exchange same as stocks. This 
continuous trading offer advantages compare to traditional mutual funds because they can be shorted or traded in 
margin. The U.S. market with ETFs is concentrated where 4 providers, such as iShares, State Street Global 
Advisory, Vanguard and PowerShares represent almost 90 percent of the U.S. ETFs market. Using of graph theory 
helps to understand relations in ETFs market in the asset value level, provider network, respectively. 
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Mantegna (1999) suggests hierarchical arrangement of stock traded in a financial market based on daily time 
series of logarithm of stock prices. Onella et al. (2008) propose new methodology for construction a dynamic asset 
graph. But this methodology does not create a tree but a disconnected graph. Bonanno et al. (2004) show that 
correlation matrices contribute to understanding of economic information. Kajurova & Deev (2013) apply network 
structure to credit default swaps market. Correlation structure is used to identify relations between CDS spreads.  
 
2. Data and methodology 
 
For the analysis are used Bloomberg data of ETFs. The analysis is based on the 30 largest ETFs (according to 
asset value) that are actively traded in a particular U.S. Exchange in the period from 1st January 2000 to 31st 
December 2012. The dataset consists of 4.680 monthly observations.  The descriptive statistic for the data set is 
summed up in the Table 1. The analysed period is divided in three sub periods, pre crisis period from 2000 – 2006, 
during crisis period 2007 -2009 and after crisis period 2010 – 2012 to reflect different economic environment.  
 
Table 1. Descriptive statistic for dataset 
 
Variable Value (in million) 
Minimum 
1st Qu 
0,27 
2.401,92 
Median 
Mean 
3rd Qu 
Max 
Number of observations 
6.523,19 
11.718,71 
13.734,11 
123.000,87 
4.680 
 
Consider an asset value time series for a N ETFs and donate the close value of ETFs asset i in at time τ (an actual 
date) by ௜ܲሺ߬ሻ and define the logarithmic rate of change in asset i as:   
 
ݎ௜ ൌ  ௜ܲሺ߬ሻ െ  ௜ܲሺ߬ െ ͳሻ(1) 
 
The correlation coefficient between asset i and asset j can be written as: 
 
ߩ௜௝௧ ൌ
ۃݎ௜௧ݎ௝௧ۄ െ ۃݎ௜௧ۄۃݎ௝௧ۄ
ටൣۃݎ௜௧మۄ െ ۃݎ௜௧ۄଶ൧ൣۃݎ௝௧మۄ െ ۃݎ௝௧ۄଶ൧
ሺʹሻ 
 
Then, it is necessary to define the distance between each pair of ETFs, this distance is based on the correlation 
coefficient.  
 
In the next step is necessary to choose which correlations are important. The way how to find them is using MST 
(minimum spanning tree). Thus, in the next step must be correlation transformed into distance. The transformation is 
based on the formula (for derivation of the formula see Prim (1957)): 
 
݀௜௝ ൌ ටʹሺͳ െ ߩ௜௝ሻሺ͵ሻ 
 
This nonlinear transformation creates the matric that clarifies the distance between ETFs assets (see Kajurova & 
Deev (2013)). 
 
901 Dagmar Linnertova /  Procedia Economics and Finance  23 ( 2015 )  899 – 904 
With this transformation, the individual correlation coefficients are mapper from [-1,1] to [2,0], and the correlation 
matrix is mapped into a symmetric matrix Dt  (see Onella, et al. (2008)). Assets trees are constructed to (3) by 
determining minimal spanning tree of distances, as Tt. The spanning tree is a simply connected graph that connected 
all N nodes (that represent ETFs, resp. providers) and its size is fixed at N-1, such that the sum of all edge weights 
based on formula (4) is minimum: 
 
݀௜௝אࢀ೟
௧ ݀௜௝௧                                                                                                                                                                    (4) 
 
Onella, J. P., et al. (2008) suggest that the  spanning tree is spans of all N vertices in the set V in all time windows t 
and is thus time independent, while the set of edges ܧ௧ is time dependant.  
 
The strength of correlation can be interpreted such as in the Table 2. 
 
Table 2. Strength of correlation 
 
Interpretation Size of correlation 
Very High 0,90 – 1,00 
High Correlation 0,70 – 0,89 
Moderate 
Low 
Little if any correlation 
0,50 – 0,69 
0,30- 0,49 
0,00 - 029 
 
 
 
3. Results 
 
In the three Figures are demonstrated correlation relations between ETFs and its providers, respectively. The 
period of the 2000 -2012 is divided into tree sub periods: pre-crisis period (2000 - 2006), crisis period (2007 -2009) 
and after crisis period (2010 - 2012). 
 
3.1. Pre – crisis period 
 
In the Figure 1 are illustrated correlation relations in assets between ETFs in the pre-crisis period (2000 - 2006) 
based on 2.520 monthly observations. A node represents the standard deviation of ETF asset value in a particular 
period and the link reflects correlation between ETFs. The highest standard deviation of asset value had ETF QQQ 
US Equity. The correlation between ETFs is only low in the interval from 0,30 to 0,49. The significant correlation 
was measured between ETFs MDY US Equity and QQQ US Equity (correlation coefficient 0,49), QQQ US Equity 
and XLF US Equity with correlation coefficient 0,34 and XLF US Equity and SPY US Equity with correlation 0,39. 
In this period existed correlation relations only between two providers, State Street Global Advisory and 
PowerShares. Thus, in the pre-crisis period the correlation network of ETFs market based on asset value is limited. 
There is a lack of connections between ETFs providers (ETFs funds) and the strength of correlations is weak.    
 
3.2. Crisis period 
 
Correlation network for the crisis period is illustrated in the Figure 2. This analysis is carried out 30 largest ETFs 
according their assets value and it is based on 1.080 monthly observations. For this period we could see the growth 
of correlation relations in their strength and number of them as well.  
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Fig 1: Correlation network of ETFs for the pre-crisis period 
Again the nodes represent standard deviation of ETFs asset value. The highest standard deviation in asset value in 
this period had the ETF XLF US Equity with the value 23 percent.    
 
 
Fig 2: Correlation network of ETFs for the crisis period 
The high correlation (with respect to Table 2) was mentioned between three pairs of ETFs represented by IWF 
US Equity and VTI US Equity with correlation coefficient 0,88, VTI US Equity and EFA US Equity (with 
correlation coefficient 0,87) and VWO US Equity and EFA US Equity  (with correlation coefficient 0,84). Thus, the 
strongest correlations in this period are between ETFs issued by iShares and Vanguard. The dominance of this 
correlation relation (between these two providers) is demonstrated in the whole period.  
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3.3. After - crisis period 
 
Result for after crisis period are illustrated in the Figure 3. This analysis was carried out 1.080 monthly 
observations. In this period there are two very high correlation coefficients in the interval 0,90 – 1 (in compliance 
with Table 1). This is represented with the correlation coefficient 0,94 between ETFs VUG US Equity and IWF US 
Equity  (Vanguard and iShares as providers) and the correlation 0,90 between IWD US Equity and IJR US Equity 
(both iShares provider). Also in this period we could find several high correlation, such as the strong correlation 
coefficient 0,89 between IWF US Equity and IJR US Equity and 0,89 between IJR US Equity and MDY US Equity. 
 
 
Fig.3 Correlation network of ETFs for the after crisis period 
4. Conclusions 
 
The aim of this paper was establishing of correlation structure of U.S. ETFs market in three periods that 
correspond with changes in the capital market during 2000 – 2012. The correlation structure is based on logarithm 
changes in ETFs asset value. The analysis was carried out 30 larges ETFs actively traded in U.S market and 
provided by 4 different issuers. In pre-crisis period existed only low correlation between limited numbers of ETFs. 
The most of ETFs existed without any significant correlation relations. In the crisis period the relation between 
ETFs became more common. There existed several correlations between ETFs, providers respectively. In the after 
crisis period was measured very high correlation between 2 out of 30 analysed ETFs. Unfortunately there is no 
existence of spanning three between ETFs that is known from correlation structures of stocks. This is because of 
nature of ETFs that represented diversifying portfolio of instruments, mostly stocks. The largest ETFs are created to 
mimic a particular market index, thus the level of diversification is high. 
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Appendix A 
 
In the appendix is attached list of analysed ETFs and their providers. 
 
Table 3. List of ETFs providers 
 
Analysed ETFs  Provider Analysed ETFs  Provider 
SPY US  
EFA US  
IVV US  
QQQ US  
VWO US  
VTI US  
GLD US  
EEM US  
IWM US  
IWF US  
IWD US  
IJH US  
BND US  
 
VEA US  
 
TIP US  
 
State Street  
iShares  
iShares  
PowerShares  
Vanguard  
Vanguard  
State Street  
iShares  
iShares  
iShares  
iShares  
iShares  
Vanguard  
Vanguard  
 
iShares 
 
VNQ US  
VIG US 
XLF US  
LQD US  
AGG US  
VOO US  
VGK US  
MDY US  
IJR US  
BSV US  
EWJ US  
HYG US  
CSJ US  
VUG US  
DVY US  
 
Vanguard  
Vanguard  
State Street  
iShares  
iShares  
Vanguard  
Vanguard  
State Street  
iShares  
Vanguard  
iShares  
iShares  
iShares  
Vanguard  
iShares  
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